Abstract-Intracellular recordings were made from off-center ganglion cells in the retina of the mudpuppy, Necrurus maculosus.
INTRODUCTION
Many investigators have concluded that the sustained responses and basic receptive field properties of offcenter retinal ganglion cells are determined by modulation of an excitatory synaptic input from hyperpolarizing bipolar cells (Miller and Dacheux, 1976; Naka, 1976 Naka, , 1977 Baylor and Fettiplace, 1977; Wunk and Werblin, 1979) . It has been inferred that the excitatory synapse is tonically active in darkness, when the hyperpolarizing bipolar cells are depolarized, and that the activity of the synapse is reduced during center stimulation, when these bipolar cells are hyperpolarized. Off-center ganglion cells also receive an inhibitory input (presumably from transient amacrine cells) which is active for a brief period following a change in illumination (Wunk and Werblin, 1979) .
In the present paper we report that off-center ganglion cells in the mudpuppy retina receive a third type of synaptic input which is inhibitory and whose activity is sustained during prolonged center stimulation. Our study indicates that the sustained responses of these ganglion cells are due to changes in sustained excitatory and inhibitory synaptic inputs.
METHODS

Intracellular
responses were recorded from offcenter ganglion cells in superfused mudpuppy eyecups using micropipettes filled with 4 M potassium acetate. Electrode resistance, measured in the bathing solution, ranged from 400-8OOMR. A high input impedance preamplifier with capacity compensation (Colburn and Schwartz, 1972) was used to record membrane potential and to inject constant current through the recording electrode. An active bridge circuit was used to balance out the voltage drop across the electrode resistance during current injection. For the electrodes used in this study, voltage was proportional to current over the range of about f0.05 nA; nonlinear properties were evident with greater currents and were corrected for by measuring the current-voltage properties of the electrode before and after each recording.
The stimulus was a spot of white light (7@-2OOpm dia) centered in the cell's receptive field. The size of the stimulus was small relative to the size of the receptive field center, which is 50&750pm in diameter (Karwoski and Burkhardt, 1976) . Stimuli were typically 2-S set duration and were presented every 20sec. The unattenuated light stimulus at the retina was the photopic equivalent of 3.25 x 10" photons.cm-2.sec-1 at 575 nm, the E.,,, of mudpuppy cones (Liebman, 1972) . Surround antagonism could be evoked with appropriate stimuli but will not be discussed in this report.
RESULTS
The response of an off-center gangion cell to illumination of its receptive field center is a sustained hyperpolarization which persists for the duration of the light stimulus (Fig. la) . At light on, the hyperpolarization is rapid and transiently exceeds the maintained level. At light off, the cell depolarizes beyond the previous dark level and generates a burst of action potentials. The changes in resistance which occur during the light response are illustrated in Fig.  lb . Resistance was measured by injecting hyperpolarizing constant current pulses (-0.1 nA) through the recording electrode. The amplitude of the resulting voltage displacement is proportional to the input resistance of the cell at that time. In darkness the input resistance of this cell was 280MR. Throughout the entire hyperpolarizing light response the resistance was only IOOMQ which corresponds to a conductance increase of 6.4nS. Note that conductance was also elevated. relative to darkness, during the offdepolarization.
Similar measurements were made in 31 cells and in every case the sustained hyperpolarization was associated with a maintained increase in conductance, even with light stimuli as long as 3Osec in duration.
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